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Executive Summary

The marine coatings industry is in the mdst of a severe challenge to
pruvi de durable coatings responsive to current and inmnent regulatory
restrictions on the quantity of solvent and other volatile organic com
pounds (VOC) used in paints. One possible way to meet these stringent
requirements is to reduce the anount of VOC by replacing organic sol vent
paints with waterborne paints. The overall objective of this project was to
determne the state-of-tie-art of waterborne coatings and their applicabil-
ity for marine use.

The first part of this study consisted of a survey to determine the
generic types of waterborne coatings comercially available for marine use.
It was foud that the nunber of readily available systens was disappoint-
ingly few In fact, no really established comrercial uses were found except
for waterborne inorganic zinc primers.

Following the initial survey, a laboratory test program was formulated
to establish the relative performance of waterborne materials. Eighteen
different systens, many of them experinental, were selected for testing in
sinulated marine environments. The sensitivity of these materials to
shipyard application renditions was also investigated. The results of these
tests are as follows:

e Only alimted nunber of waterbone materials perforned equal to

solvent based materials in selected short duration tests

e \Waterborne materials are sensitive to high humdity (norna

shipyard environnent) which retards cure and adversely affects
performance properties of the resulting dried film

« Waterborne coatings are affected by | owtenperatures (50°F or

| ess) which retard solvent evaporation. At |ower tenperatures
(32°F) the coatings freeze usually resulting in conplete destruc-
tion of film properties

The best waterborne performers in this test program were the epoxy
silicate and coal tar epoxy tank coatings. These materials should be sub-
jected to an extended test program followed by actual shipboard testing, if
warranted. An unsolicited benefit found with the epoxy silicate is inproved
fire resistance of the dried paint film. The comrercially available water-
borne inorganic zinc priners have proven to have linmited application in



many shipyards due to noisture sensitivity, the exception being application
in controlled environments such as Blast/Paint Facilities and interior ship
areas. The one wat erborne system which stoul d be considered for use nowis
the acrylic latex. This material is suitable for use in interior dry spaces
VWere a conventional primer has been applied.

I'n conclusion, waterborne coatings technology has not developed to the
point of extensive use by the marine industry.
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SECTION 1
Conclusions



1. CONCLUSI ON

1.1 Project Results

As stated in the executive summary, the goal of this project was to
determ ne the state-of-the-art of waterborne coatings and their appica-

blity for marine use. To acconplish this goal, the follow ng tasks were
per formed

e Determnation of the generic types of comercially avail able
wat er borne coatings.

e Determnation of usage in related commercial applications and
evaluation of their effectiveness

e Determnation of limtations and application requirements as
applicable to narine use.

e Performance of limted |aboratory screening test as required to
verify data.

The end product of this study was the investigation of the feasibility
of waterborne coatings for nmarine use. It was determned that with the
exception of selected systems and selected ship applications, waterborne
coatings have not progressed to the point Were w despread usage can be
effected for marine applications

During the course of the study, only one generic category of cammer-
cially available waterborne products with many years of docunmented superior
performance in a corrosive marine environment was identified. These
materials are waterborne inorganic zinc primers. The primary reason the
wat er borne zinc paints have not been universally accepted by shipbuilders
is the sensitivity of this material to moisture. Exterior applications
(Freeboard, Underwater Hull, Superstructure, etc.) are restricted in
localities of high hum dity or Where sudden rain showers are likely. Since
these renditions are the normfor many shipyards, applications are limted
to environmental ly controlled areas such as interior ship tanks or enclosed
Modul ar Bl ast and Paint Facilities.
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During the study, it was discovered that all waterborne matings are
extremely sensitive to atnospheric noisture and tenperature during cure.
Most require dry, warm (above 32°F) conditions. As stated earlier nost
shipyards are located in areas of high relative humdity and extreme
tenperatures; therefore, this sensitivity becomes critical. Dehumdifica-
tion and ventilation equipment are available to solve the noisture problem
for interior ship areas and Mdul ar Bl ast/Paint Houses but adds additional
costs to manufacturing operations. \Water wash of the cured filmto renove
| eached out conponents was al so found to inprove performance. Another
probl em i nherent in waterborne coatings concerns the retention of coupling
agents within the cured film The retention of these coupling agents
prolong the water solvency of the cured film and drastically decrease the
resistance to water exposure particularly in inmersion service.

Nei ther the cost of paint in roil-square-feet per gallon nor the |abor
cost associated with special application processes were considered in this
prelimnary evaluation. These costs will vary with the general business
climate, technology developnent, field experience and conpetition. Material
cost and application costs such as dehum dification, heat, and water wash,
nmust be a part of the final econonmic evaluation.

1.2 Laboratory Test Results

During the study, a determnation was nade to divide the available
wat erborne coatings into four representative ship performnce areas:

olnmersion (Interior Tenks and Underwater Hull)
« Exterior Freeboard (Hull)

¢ superstructure
« M scel l aneous Interiors (Excluding Tanks and Severe Service Areas)

The test conditions for each performance area were then selected to
most duplicate the conditions coatings woul d experience in actual service.
The paragraphs Wich follow w | discuss the test conditions and a sumary
of the results. Wen reviewing these tests, remenber that the results are
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based on screening tests. Even though the tests are valid, nore detail ed,

extended testing is required prior to actual use of these materials on
ships in service.

1.2.1 Imersion Test Results

The imrersion tests consisted of the follow ng:

e Imersion in deionized water under a sinulated hydrostatic head of
32 psi for 30 days.

« Salt Fog (ASIM B117) for 500 hours

e Hot Water Immersion 82°C (180°F) for 30 days

e Diesel Imersion 65°C (150°F) for 30 days

The best |aboratory perfornmance was exhibited by DEVRAN 258, a new
proprietary waterborne coating from Devoe Marine Coatings Co., a division
of Grow G oup, Inc. DEVRAN 258, originally called BAR RUSI |1, is
identified only as an epoxy silicate and contains the |east volatile
organic content (VOC) of all Devoe matings offered for evaluation (66
g. VO liter). It is the heaviest coating (40 roils) of those tested for
i mrersion serice and outperformed the solvent control (coal tar epoxy) in
resistance to rust in the 500 hour salt fog (spray) test and resistance to
softening in #2 diesel fuel. Filmthickness was found to be extrenely
critical in the performance of this material. For exanple, when applied at
12 roils, Devran 258 perforned worse than the control. One other
characteristic of this coating Wich nust be considered is the hardness and
resulting brittleness of the cured filns.

As discussed earlier, the poor performance of the waterborne nmaterials is
due, in part, to the inconplete remval of coupling agents during cure
and/or the presence of |eached conponents. Conplete ventilation and/or
wat er wash of the cured film may inprove performance

International Paint’s new epoxy coal tar carried in water, called

| NTERTUF X8912, gave good results under 32 psi water pressure, diesel fue
imersion, and blister resistance in the salt fog but the panels failed the

103



rust and scribe test in salt fog and also blistered in the 65°C (150°F)

diesel fuel test. The rating of 6 was given for each of the two panels for
rusting INthescribe as well as rust spots on the flat surface.

Sigma’s epoxy coal tar waterborne coating performed better in the salt
fog than in imrersion tests.

1.2.2 Exterior Freebhoard (Hull) Test Results

The following test conditions were selected for screening candidate
material s.

e« Sal ti ng (ASTM B117) for 500 hours.
o Humi di ty Chanber (ASIM D2247) for 500 hours.
« \\eat heronmeter (ASIM @&6) for 1000 hours.

« Taber Abrasion Resistance (Federal Test Standard 141a,
Met hod 6192).

Because of the extrene atnospheric corrosion of the freeboard area,
only those systens with waterborne inorganic zinc prinmers were selected for
testing. Overall none of the waterborne systens denonatrated acceptable
performance. However, of those coatings tested, the best Perfornmance in
these |aboratory tests was the Carboline waterborne inorganic zinc, CZ 33,
with its topcoat of epoxy acrylic 288WB. The relatively poor abrasion
resi stance observed was unexpected and needs to be confirmed. The loss of
gloss after 1000 hours in the weatheroneter is substantially less than that
of the straight his-phenol A epoxy coatings.

The excellent performance of DEVRAN 258 in water immersion tests makes
it also a candidate for the above-water hull and the other areas of the
ship where coatings brittleness is not a factor. It now needs to be tested
in the weatherometer especially in view of the excellent fire-retardant
properties claimed by the manufacturer.
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1.2.3 Exterior Superstructure Test Results

Exterior superstructure screening tests consisted of:

«Salt Fog (ASIM B227) for 500 hours
o Hum dity (ASTM D2247) for 500 hours
« \at heronmeter (ASIM @&6) for 1000  hours

No wat erborne system tested matched the performance of the sol vent
based control with the exception of the gloss retention properties of the
Porter 6600/6610 epoxy acrylic system

1.2.4 Interior Areas (Excluding Tanks and Severe Service Areas)
Test Results

The following test conditions were selected as being representative

e Hum dity Chanber (ASIM D2247) for 500 hours.
« Wat heronmeter (ASM &6) for 1000 hours.

A single coat of solvent based pol yanm de epoxy was sel ected as the
control for such applications as cargo holds and work spaces. A two coat
sol vent based al kyd was sel ected as representative of mscellaneous dry
area applications such as living spaces and dry storage.

Of those materials tested, two systenms (Mbile Paint’s Mdified
Acrylic and Napko's Acrylic Latex) perforned satisfactorily.

1.3 Recommendati ons

Based on the results of these |aboratory screening tests, an extended
test programis now necessary to further verify the performance of those
systems which passed the screening tests. The tank coating systems are the
must | ogical choice for further testing. The epoxy silicate, the
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wat er borne coal tar epoxies and the untopcoated inorganic zinc should be
sub jetted to the follow ng tests:

«Hydrostatic salt water imersion for one year (intermttent wet and
dry).

« Hydrostatic dei oni zed water immersion for one year.

«Hut water plus detergent cleaning to sinulate gas freeing of tanks.

«Diesel imersion for one year.

«Salt Fog testing for 5000 hours with intermttent wet and dry
cycles.

o Cat hodi ¢ di sbhondnent (Underwater Hull Coatings only).

Coal tar epoxy, polyanm de epoxy, ketimne epoxy, am ne adduct epxies
and inorganic zinc systems qualified in accordance with M L-P-23236, “Paint
Coating systens, Steel Ship Tank, Fuel and Salt Water Ballast”, should be
selected as controls. Dry, curing tines at various tenperatures, humdity
and ventilation rates should also be a part of the program The procedures
necessary to remove coupling agents fromthe curing or cured film should
al so be verified.

Fol  owi ng the successful conpletion of these tests, candidate
material s would then be tested on ships in actual service

During the course of the new phase of study, should new, promsing
wat er borne coatings become available, these materials would be added to the
program  The econom c aspects of waterborne matings nmust be considered in
these further studies.

Anot her approach whi ch shoul d be considered is the testing of m xed
wat er borne and sol vent based paints within a given system Even though not
solving the total VOC problem partial reduction in VOC s nay be possible
One exanpl e woul d be the application of acrylic latex finish coats applied
over both solvent based and waterborne inorganic zinc priners.
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2. PRQIECT PLAN OF ACTION AND RESULTS

2.1 Background Technical |nfornmation

To become conpetitive with foreign shipbuilding, the US. shipyards’
research in materials has been supported by the Merchant Marine Act of
1970. This National shipbuilding Research Program nust acconplish greater
productivity created by new and inproved technol ogy.

The science of painting ships both interior and exterior has a part in
this program and the applied technology has |agged behind known industria
coating technol ogy progressing el sewhere in the U S. econony. This is
primarily due to the difficult application conditions in shipyards. Canada
has found so few working days per year due to weather that are suitable for
painting that they have built enclosed and conditioned dry dock facilities.

Corrosion engineers agree that the performance of every type of
conmmercial coating is substantially enhanced by cleaning the steel to white
netal. They also agree that all priners perform best when applied
i mredi ately before any rust or contamination can interfere with the binder
in the primer making intimate contact with the steel surface

Experience shows that the ticker a given paint is applied, the nore
protection, but the choice of generic type, the quality of the formulation
and proper application technique are known to be nore significant in
produci ng economi ¢ coatings with trouble-free, long service life. It is in
the seardh for better materials and better application nethods (including
surface preparation) that matings research will be nost prductive.

The organic coatings industry is in the mdst of a severe challenge to
provi de durable coatings which satisfy current and imminent restrictions on
the amount of solvents and other volatile organic materials traditionally
used to apply paints conventionally. This Challenge started with Rule 66
instituted by the Los Angeles County Air Pollution Control District in July
of 1967. Today, the enphasis has switched fromthe nature of the volatile

2.1



organic em ssions to the quantity of the organic emssions, i.e., the
phot ochnical reactivity of the solvents is no longer the prime concern.
care (California Air Resources Board) is |leading the way in establishing
limts of volatile em ssions; the Environmental Protection Agency is in the
process of establishing such guidelines for the nation Wich nost |ikely
will be nodeled after the CARB emissions rules. These regul ations are

being formed by the interplay of many legal, political, environnental, and
safety oriental forces

The proposed CARB standard to be fully inplenented in 1985 calls for a
limt of 295 grins of solvent per liter of paint.z’3 The exenptions
granted for epoxy based coatings, polyurethanes, and vinyls are only
t enporary. The lead tine required to confirmthe performance of new
mati ng systens and fornulations by field trial nmakes it absolutely
necessary for the nmarine coatings industry to start evaluating coating

systens designed to neet the probable regulations of the near future.

Shipbuilding is presently exenpt from existing rules. Should the rules
change to include shipbuilding, this industry would pay dearly. Any
anticipated productivity increase due to technolqy advances woul d be
conpl etely negated.

There are several possible avenues of conpliance to neet the limts on
t he anount of solvent emi ssions in applying coaings Add- on devi ces or
t echni ques such as incineration of solvent fumes or absorption by activatd
carbon have the advantage of allowing the coating applicator to continue to
use the materials with which he is famliar and whose performnce he knows.
These techni ques, however, are applicable only to factory or shop applied
coating operations using ovens or other enclosures in which the mgjority of
the emissions can be contained or recovered. This is not useful for the
marine coating industry since nost of the painting is done outdoors.

Nati onwi de, there is a major effort to devel op waterborne coating

systens to meet and surpass the volatile organic mssions restrictions.
The waterborne classification covers several types of materials.
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Latex systems are best known in the field of exterior house paints.
Latex systens are also used in thermosetting systens in industrial coatings
(excluding marine) using, for exanple, water soluble or dispersible
nel ami ne type curing agents. Roan tenperature curing |atex systems are
al so under devel opnent. Latex polyners are, perthaps, the net preval ent
wat er borne system today because of the wide latitude in nmononmer selection
which aids in the devel opnent of specific, desired performance properties.
Hence, one can find acrylic latexes (acrylic and methacrylic acid esters),
vinyl-acrylic latexes, styrene-acrylic latexes, to mention a few

Al'lkyd resins, plyester resins and epoxy ester resins are also found
in the waterborne arena. Here, the polynmers are usually designed to have
excess or free carboxylic acid groups. Such resins are neutralized with a

base to generate an ionized polymer. In this state, the resin is water
solubl e or dispersible depending on its acid number, degree of neutrali-
zation, and level of water miscible cosolvents. These materials are

predoni nantly used in industrial finishes where they are crosslinked to
tie-up the acid groups and reduce the water sensitivity of the films. The
cure frequently requires heat so the use of these materials in a typica
shipyard is unlikely or limted. Hghly interesting crosslinking materials
based on aziridine chemstry are available that react with the carboxylic
acid group at room tenperature. These materials can also be used in |atex
syst ens. The future of these crosslinking agents is doubtful at the

present due to their probability of being carcinogenic based on the Ames
test.

Expoxy resin technology is now showing promise in the waterbornewaterborne

appr oach. Epoxy esters with free acid groups can be neutralized with
volatile organic bases to render them water soluble or dispersible as
briefly outlined above. These nmaterials are, subsequently, thermally

cured. More gernmane to the marine industry Wiich relies on coating systens
that can dry and/or cure under anmbient conditions is the water emulsifiable
epoxy and copol ymer resins.s’6 These materials are, largely, liquid epoxy
resins blended with surfactants and cosolvents that, wth sufficient
shearing and agitation, can generate acceptably stable oil-in-water
enul si ons. Wat er sol uble curing agents are used. The epony resin and
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hardener will mx, as first the water, and then the cosol vents evaporate
fromthe filmand the emulsion droplets coal esce and react.

The application of the new, energing coatings technologies to the
marine industry is a demandi ng task. The matings used on a ship nust
provide protection to the steel in the mdst of one of the nost severely
corrosive environments. In addition to this pervading corrosiveness of the
seawater |ocale, coatings are exposed to a variety of physical and chem ca
stresses fromthe handling and carrying of cargo (solvents hydrocarbon
fuels, corrosive crude oils, ore, etc. ), fouling attack, and docking
procedures.  Because of the general severity of the marine environnent to
steel and the additional, localized environmental stresses on or in the
various coated sections of a ship, the marine industry needs high
performance, cost-effective coating systems. The application requirenents
for marine matings are also difficult since nost of the painting is done
after construction of the ship or of major, discrete sections. The surface
of the steel, hull and tank interiors for exanple, nust be blast cleaned to
at least a near-hite condition to obtain the maxi num perfornmance of the
coatings systems. This operation itself creates special demands in pro-
tecting the environment and workers from exposure to the blast debris and
dust. Rapid turn around is also a requirenent for painting in ship repair
yards.

The painting of the interior of tanks and holds is especially
difficult. These areas have restricted ventilation, lighting, and often
limted access. The ventilation in these areas is inportant to protect the
workers and provide the proper conditions for the coatings to dry and cure.
The use of waterborne coating systens has the potential of significantly
reduci ng worker exposure to potentially hazardous vapors although protec-
tion nust still be provided to elimnate the inhalation of the atom zed
paint. However, waterborne systems will require increased humdity control
and ventilation to provide adequate water renoval rates while the filmis
dryirg to insure a dense cured filmwth ultimate properties. Additionally
good humdity control and high ventilation rates are required to renove
Water fromthe filmwthin a critical time frame. If this is not accom
plished a “spongy” or |ess dense cured filmresults. The resulting film
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wi |l have reduced properties particularly water transm ssion and corrosion
protection. This requirement |eads to increased capital investnent.

There can also be benefits associated with the use of high solids
coati ngs. First, the cost of solvents would be largely elimnated,
solvents are | ost upon application and do not formpart of the film
Secondly, the spraying of high solids filmformng materials will give
faster filmbuild and require fewer applications, providing savings on the
| abor cost which is a major portion of the coating cost. The risk of fire
and exposure to toxic materials will also be reduced with a resultant
decrease in insurance costs. This is the subject of a conplete MarAd Report
(see reference 17).

The stove has served as a brief review of the marine coatings industry
and the coating technologies potentially available to help the narine
industry partially neet the inmminent environnental restrictions. The
pursuit of the devel opment of waterborne coating systenms is in accord with
the intent of the 1970 amendments to the 1926 Merchant Marine Act to
devel op new technol ogy. However, in this case, the primary inpetus is not
i mproved productivity but regulatory conpliance

2.2 njective
The overall objective of this project was to determ ne the
state-of-the-art of waterborne coatings and their applicability for narine

use.

2.3 Plan of Action

To acconplish the above stated objective, the following plan of action
was fornul ated:

e« Determne the generic types of commercially available waterborne
coatings.
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TABLE |

GENERI C TYPES OF WATERBORNE VEH CLES

CGeneric Type

Epoxy- Pol yam de Fnul sion

Styrene-Acrylic Latex

Al'l Acrylic Copol ymer Latex

Acrylic Terpol ymer Latex

Acrylic-Vinyl Chloride Latex
Sel f-crosslinking Acrylic Latex
Wt er-reduci bl e Al kyd

Et hyl ene-Vinyl Acetate Latex

Et hyl ene- VA-VC Lat ex

Vinylidene Chloride Latex
Epoxy Ester Emulsion

vinyl Chloride Copol yner Latex

Exanpl e

CGenepoxy M 200
Epi rez WD510

Mel on X820
ucar 4341

RhOpl ex MW-23

ucar 4358
Rhopl ex W-9

Ucar 503

Ucar 4550

Arol on 580

Airflex 500
El vace 1962

Ucar 560
Airflex 728

Saran Latex 143

CEE-5

Geon Lat ex
Pol yco 2607

2.6

source

CGeneral MIls Div. Henkel
Cel anese

Ashl and chem cal
Uni on Carbi de

Rohm and Haas

Uni on Car bi de
Rohm and Haas

Uni on Car hi de

Uni on Car hi de

Ashl and chem cal

Air Products & chemcals
DuPont

Uni on Car bi de
Air Products & Chemicals

Dow chem cal

Pacific Vegetable G Co.

B. F. Goodrich
Borden Cheni cal



o Determine their usage in selected commercial applications and
eval uate their effectiveness.

e Determine their limtations and application requirenents as
applicable to marine use.

e Proceed with limted |aboratory testing to screen candidate
materials for suitability of use in marine environnents

The laboratory tests appropriate to the coatings needs of the
shipbuil dig industry have been recently reviewed and assenbled.’The
purpose of that work, supported by the National Shipbuilding Research
Program was to provide quality control tests to maximze the probability
of achievting the optimm performance froma given coating system  These
tests dealt mainly with checking the wet paint properties, both in the can
and freshly applied. For the devel opment of new naterials or the screening
of alternate materials, several tests were reccnmended based on the
experience of several shipyards and a review of the coatings literature.

The tests used for established coatings for U S. mlitary fuel and
seawater ballast tanks®and tests for new latex primers’ and topcoats™ f or
metal surfaces used by the Naval Facilities Engineerirqg Command were
reviewed for selecting the test methods and standards nost suitable for the
present purpose. ASI M met hods" were used in nost cases as will be
di scussed individually in [Section 2.5.

2.4 \Wterborne Coatings Avail able for Test

2.4.1 Generic Types

Table | |is a recapitulation of generic types of waterborne vehicles
for air dry coatings in marine use. This list of vehicles was conpiled
from previous research acconplished by GT.
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2.4.2 Waterborne Coatings Recommended by Suppliers for Marine Use

To determ ne the usage of waterborne coatings in marine or other
rel ated conmercial application, various paint manufacturers were contacted
for their reconmendations of suitable waterborne coatings. The nanes were
selected froma list conprised of suppliers now working wi th Avondal e
Shi pyards, suggestions made by the sources of the vehicles listed in Table
|, and other major marine matings suppliers.

The nunber of waterborne nmarine coatings already in comercial use was
fewer than expected. In fact, no really established comercial uses were
found except waterborne inorganic zinc-rich primers. Three of these were
included in this study. Di sappointingly few coatings were offered from
successful applications in other irdustrial uses with severe exposure.

At this point in the study the basis for selecting matings for
testing was broadened to include devel opnental waterborne products that
appeared premsing for eventual use in nrine applications. Al the
wat er borne coatings sel ected were recommmded by manufacturers for marine
exposure renditions at the thcknesses Shown and all were provided by
coating suppliers except the two Cel anese systens. These are newy
devel oped epoxy/acrylic latexes with extensive industrial |aboratory
testing which Devoe Marine Coatings Co. has agreed to manufacture if larger
quantities are required for field trials.

Several paint manufacturers replied that they were devel oping
wat er borne mai ntenance or marine matings but none were ready for sanpling.
These fires included Du Pent, Hughson, Farboil, Inperial, and Rust-O eum
The industry contacts for waterborne candidate coatings included nine raw
material suppliers and twenty-three paint manufacturers.
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2.5 Results of Laboratory Testing

The candi date coating systens were spray applied to solvent washed and
alumnun oxide grit blasted test panels to the manufacturers’ reccnmended

t hi ckness as shown in|Table II. Fil m thickness nmeasurenents were nmde

during laboratory preparation at nine points on each panel after each coat
had dried. The final topcoat was air dried in the laboratory atmosphere for
14 days before exposure to test environments.

To sinulate the various ship areas, the testing was divided into four
performance categories:

o lmersion Service (Interior Tanks and Underwater Bottom
« Freeboard Areas (Hull)

« Exterior Superstructure
olnterior Areas (Excluding Tanks and Severe Service Areas)

The tests for each performance area were designed to approxinate the
service renditions actually existing in each respective service area

2.5.1 Imersion Service

Four test environments were selected to eval uate waterborne coatings
in simulated innmersion service

o« \Wer Inmersion at 32 PSI to Sinmulate a Hydrostatic Head

e Hot Water Immersion 82°C (180°F) to Sinulate Tank C eaning
Processes

e Diesel Inersion 65°C (150°F) to Simulate Fuel Ol Resistance

e Salt Fog (ASIM B117) to Sinulate a Corrosive Marine Environnent
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VATERBORNE COATING SYSTEMS TESTED

P FLLM Rl GENERI C FLLM
P P
iy Hodess | R TYPE | THOKRESS
ZING GUARD 108 3.5 roils | AQUA-POXY 370 | Epoxylacrylic | 2.5 roils
CARBO ZINC 33 Jroils  [Carboline 288VB| Epoxylacrylic | 4 roils
24-192 Epoxy/acrylic | 2 rails 24- 146 Epoxylacrylic | 3 roils
24-194 Epoxy/acrylic | 2 roils 24-178 Epoxylacrylic| 3 rails
DEVFLEX Priner 6 roils DEVFLEX | Mod. acrylic | 2roils
DEVRAN 258 Epoxy/silicate | 20 roils
Loursville, KY 4
Devoe Marine DEVRAN 259 Epoxy/acrylic | 9 roils
ACRYLTEX 2500 | Acrylic/cement [ 10 roils
| nt ernati onal I NTERTUF X8921 | Epoxy/Coal Tar | 14 roils
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VATERBORE COATING SYSTEMS TESTED

TABLE |1 ((CONTINUED')

A C FLLM Iy GENERI C FLLM
P P
SUPPLIER @S’N% ] RS | malotss W T~ | THOKESS
l\fob||e Al nt a LP 3743 Mod. acrylic | 5 roils LP 3783 2.5 roils
Post af Ice By me]ly y
Theodore, AL 36582
Ba gor &tmq Pipeliner 7-2371 DOX 6 roils
4
Houst oq1 X 7%21 03 & yamyde
Napko orat|on V4t er bor ne | nor gani ¢ 2.5 r0ils | FPOKACRYL 5337 Epoxylacrylic | 3 roails
o %e for 14509 Zinc 1371 it cR g Shp| PNy
Houston, TX 77021
rat VERSAFLEX PN4499] Acrylic Lat 2 101l T I Acrylic Lat 3roils
Ba Oﬁor 0)|(0|14509 S 499 Acrylic Latex s %Ognane crylic Latex
Hous ton, TX 77021
rat NAPKO 5617 2 101l EPOXACRYL 5357 Epoxy/acryli 31l
Ba G(for )|( oq 1509 PoFyEg%e roils 535 poxy/acrylic oils
Houston, TX 77021
48rter Ooat % AQUALOCK 6600 | Acrylic/Epoxy | 2.5 roils | AQUALOCK 6610 | Acrylic/Epoxy| 5 roils
Loui svﬁ le, KY 40201
Rel | - Zinc-Ri ' . ' '
Ss{awlyy v%g(sall,13 REL-ZINC 130 I nc-Ri ch 3 rails RELTEX 7633 Mod. acrylic | 4rails
Houston, TX 77001
Eplr)éngam and 4 te Co. | SENTRY X5822 Epoxy Ester 21o0ils
rby, PAngSQ
m Coatings, | SIGA 744 E '
g a}ie 8% 5 noXy 3roils
Harvey, LA7 51
SIGMA Ws-TCN | Epoxy Coal Tar| 10 roils

PG U

Harvey, LA 7




2.5.1.1 Water Immersion at 32 psi for 30 Days

To simulate the rendition for coatings for |ining shipboard tanks that
hold water, 6“ x 12" panels were coated both sides as described above and
suspended inside a five gallon pressure tank so that about 60% of the pane
l ength was i mmersed in deionized water which was then pressurized by air
and mntained at 32 + 1 prods per square inch for 30 days at room
tenperature. The tank was opened for a few minutes at about 4 day intervals

to check for any obvious change. The results appear in|Table III.

The sol ventborne coating and two of the five waterborne coatings
suggested for ballast tarnks showed no effect. DEVRAN 258 (Epoxy Silicate),
International X8912 (Coal Tar Epoxy) and Carboline CMl4 (Coal Tar Epoxy
Control) all passed the test. The International X8912 softened and turned
white but rehardened after air dry. The Napko Pipeliner epoxy/polyanide
7-2371 which is used at only 6 roils showed no effect until the 30 day
inspection. Sigma coal tar epoxy emulsion Ws TCN was 10 roils thick and
showed blistering at 17 days. This coating also shined whitening Wen
renoved from the Water after 30 days. No rusting appeared on any panels.
Figure 2.1 is a photograph of the panels after 30 days inmersion.

2.5.1.2 Hot Deionized Water |nmmersion Tests

Table IV reports the blistering by ASTM Method D 714 at various
intervals up to 528 hours of 4“ X 8“ coated panels inmersed about half way
in 82°C (180°F) deionized water. No panel showed rust. The only materia
Wi ch passed this very severe test was the Devoe DEVRAN 258 Epoxy Silicate
The second best material was the coal tar epoxy control  The waterborne
coal tar epoxy materials perfornmed alnst as well as the solvent based coa
tar epoxy. Each of these materials warrant further testing. See Figures
2.2 for photographic results
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TABLE 11

WATER | MVERSI ON AT 32 PSI*

Days of Exposure

4 6 11 13 17 21 25 30

Suppl i er Product Blistering Rate (ASIM D 714)
Devoe DEVRAN 258 none
General Polymer AT 2500 conpl ete
failure
Napko 7-2371 none  6MD
Si gma WS TON none 8D 8D 8D 6M
Wi t ened
I nternational. X- 8912 none
Controls:
Car bol i ne CcmL4 none

*Blister ratings (ASTM D 714) after immersion in deionized Water at 70°F.
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Suppl i er

Devoe

Gener al
Pol ymer

[ nternationa
Pai nt

Napko

sentry

Si gma

Control s:
Car bol i ne

BLI STER RATINGS (ASIM D 714) AFTER EXPOSURE TO
82°C (180°F)

product

DEVRAN 258

AT 2500

X8912

7-2371

X5822

WS TQN

TABLE |V

DEI ONl ZED WATER | MVERSI ON

Hours of Exposure

48 72 96 216 264 360 408 432 504 528

6M 6M 6M 6m 6M 6M 6M

2M 2M 2M

6M 6M 6M

2.15

2M 2M 2w 2M

6M 6M 2M 2M

8M

6M

2M

2M

none

conpl ete
failure

4D

conpl ete
failure

conmpl ete
failure

2MD

6MVD
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Photograph of Deionized Water Immersion Panels
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2.5.1.3 Ht G| Immersion Tests

In a simlar test the panels were imersed half way in 65°C (150°F) #2
diesel fuel for 30 days. AT 2500 and DEVRAN 258 were darkend by the oil

after the 30 day test. The softening effect on the coatings, shown in
Table V was neasured both by probirg with a knife and by pencil hardness
(ASTM Met hod D 3363), before and after the test. In this test, the

wat er borne coatings appear to conpare well with the conventional paints

2.5.1.4 salt Fog Tests

The salt spray (or fog) test (ASTM Method B-117") is one of the nost
popul ar | aboratory tests for marine and heavy duty naintenance coating
eval uations. A thorough review of the nerits of the test witten by
Appl eman and Canpbell will soon be published in the Journal of Coatings
Technology.12 Duplicate 4 X 8“ panels were run for 504 hours in a new
cabinet conforming to ASTM B-117. The tenperature was easily maintained at
35° + IC (95°F) and 5% C.P. sodium chloride was used. A vertical scribe was
cut through the coating exposing about 1/32" of bare netal after the 14 day
drying period. The panels were rated each day for the first week and then

about every 4 days until renoval after 21 days (504 hours) or 22 days (528
hour s)

Ratings for rust on the flat panel area through intact paint and al so
for rust as undercutting fromthe scribe down the center of the panel are
given in|Table VI psing the rating system described in ASTM Methods D 610
(Rust) and D 1654 (Creep).

Tape adhesion test, ASTM Method D 3359 showed no | oss of bond between
the coating and the steel at the scribe after 504 or 528 hours on nost
panel s which neans a rating of 5. Sigma W5 TON was rated 4 and Sigma 7445
was rated 3. See|Figures 2.3 |for photograph of Salt Fog perfornmance

Again the best perforners were the coal tar epoxies, both the water-
borne and sol vent based types. Even though the perfornmance results for
duplicate panels were virtually the same, one abnornmality was observed. The
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TABLE V

RESI STANCE TO 30 DAYS IMVERSION IN #2 DIESEL FUEL AT 65°C (150°F)

Penci | Hardness
Suppl i er Product sof teni ng st ai ned Before After
Devoe DEVRAN 258 none film 5H 5H
General Polymer AT 2500 none film 3B 3B
I nternational
Pai nt Intertuf 8912 none 3B 3B
Napko 7-2371 slight HB 2B
Si gma V¢ TON none 3B 3B
Controls:
Car bol i ne CML4 none 2H 2H
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2.3 Photograph of Tank Coatings Salt Fog Performance.
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TABLE vi

SALT FOG RUST RESULTS

ASTM B 117 (500 HRS)

Hours to Reach Rust Rating (ASTM D 610)

Suppl i er Product Rat i ng: 10 7 6 5 4 3 1
Int'1 | NTERTUF Panel 504
Pai nt X 8912 Scri be 504
Napko 7-2371 Panel Conplete Failure
Scri be 96 216 336 408
Carboline OM 14 Panel 504
Scri be 504
Car bol i ne 190HB Panel 504
Scri be 504
CGener al AT 2500 Panel 24 48 96 504
Pol yner Scribe 72 96 216 240 336 504 504
Si gna WS TCN Panel 504
Scri be 72 96 240 336 504
Si gna 7445 Panel 24 96 504
Scri be 24 96 216 240 504
Devoe DEVRAN 258  Panel 528
(12 mls) Scribe 528
Devoe DEVRAN 258  Panel 528
(40 mls) Scribe 528
Devoe DEVRAN Panel 528
259 Scri be 528
Port er 6600 Panel 360 432
6610 Scribe 192 264 432 504
Napko 1371 Panel 528
8-3474 Scri be 528
5357
Car hol i ne CzZ33 Panel 528
288\V\B Scribe 528
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TABLE VI (cont' d)
SAIT FOG RUST RESULTS
ASTM B 117 (500 HRS)

Hours to Reach Rust Rating (ASTM D 610)

Suppl i er Product Rat i ng: 10 9 8 7 6 5 4 3 2 1
By- Wt er 108 Panel 528

370 Scri be 528
Mobi | e 3743 Panel 24 96 264 528
Pai nt 3744 Scri be 96 144 264 528
Napko 5617 Panel 528

5357 Scribe 480 528
Cel anese 24-194 Panel 528

24- 178 Strike 480 528
Devoe DEVFLEX Panel 96 144 528

DEVFLEX | scri be 96 144
Napko 4499 Panel 96 144 264 432 528

3801 Scri be 06 144 432
Rel. Univ. 130 Panel 528

7633 Scribe 528
Cel anese 24-192 Panel 528

24- 146 Scri be 528
Carboline GP-10 Panel 528

GP- 62 Strike 480 528
sentry X5822 Panel 480 528

Strike 480 528

Note: These data are for panel A. The duplicate panel, B, had practically the sane
performance. The final rating varied no nore thhan one rating number and
then only in three cases.
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two panels mated with DEVRAN 258 performed entirely differently. One pane
had a rust grade of 7 and the other 10. C oser inspection revealed that the
first panel was mated with 12 roils of material; whereas, the second pane
was coated with 40 roils of material|(see Figure 2.4).|This denonstrates a
critical filmthickness requirement for acceptable performance.

2.5.1.5 Rerun of Humdity Test on Selected Materials

As a result of the denonstrated acceptable performance of the water-
borne coal tar epoxies, the hum dity test was extended to 3744 hours. Table
Vi summarizes the results of this test. As can be seen fromthe table
the waterborne coal tar epoxies warrant additional testing.

2.5.1.6 I mmersion Test Sunary

Table VIII sumarizes the results of these tests. \Wen applied at the
correct filmthickness (20 + roils) the best perforner of those systens
tested was DEVRAN 258. The second best perforner was the sol vent based
coal tar epoxy control. The waterborne coal tar epoxies were al nost as
good as th'e solvent based control. It nust be renmenbered when conparing
these results just as with any other test results within this report, that
the tests were designed as a short duration screening test to observe
relative perfornmance. The next series of tests should be |longer with
addi ti onal controls such as tank matings qualified to MI-P-23236.

2.5.2 Freeboard Areas (Hull)

Four tests were selected to investigate the relative performance of
hul | coatings:

«Salt Fog (ASTM B117) for 500 hours
o« Hum dity (ASTM D2247) for 500 hours
« \eat herneter (@&6) for 1000 hours
« Taber Abrasion
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SALT FOG RESULTS
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TABLE VI

RERUN OF HUMIDITY TEST (N SELECT MATERIALS

GENERIC PRODUCT PANEL 500 HOURS 3744 HOURS
SUPPLI ER PRODUCT NUMBER DESI GNATI ON RUST BLI STERS RUST BLI STERS
DEVCE EPOXY 258 A 10 NONE 10 NONE
SI LI CATE B 10 NONE 10 NONE
INTERNATIONAL COAL TAR  X8912 A 10 NONE 10 NONE
EPOXY B 10 NONE 10 NONE
SOLVENT BASED CONTROLS
CARBCLI NE EPOXY 190HB A 10 NONE 10 NONE
POLYAM DE B 10 NONE 10 NONE
CARBOLI NE COAL TAR CML4 A 10 NONE 10 NONE
EPOXY B 10 NONE 10 NONE
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TABLE VIII
WATERBORNE COATINGS FOR IMMERSION SERVICE

WATER IMMERSION| SALT FOG (ASTM B117) HOT WATER DIESEL IMMERSION
SUPPLIER ggggﬁég ﬁﬁﬁﬁﬂgg %ﬁ?&éﬁ%ﬁl 32 PSI 30 DAYS 500 HRS IMMERSION (180°F)| 150°F 30 DAYS
RUSTT BLISTERS | RUSTJCREEP] BLISTERS |~ RUST | BLISTERS | SOFTENS| BLISTERS
. 7 /’
DEVOE EPOXY | pgg 2 Ml qo | o “ 1 6 | NONE 10 NONE 8 NONE
OILIVAIL O m—i'ls 1V
GENERAL ACRYLIC .
i ACRILIC | AT2500{ 10 mils| FAILED 4| 4 | amp FAILED 8 NONE
INTERNATIONAL | cOAL TAR! vooenl oo o | - 2. I A A . . L -
PAINT EPOXY X8912 14 mils 10 NONE 10 4 NONE 7/ 4D 10 NONE
NAPKO cRvLIc | 772371 6mils| 10 | 6MD FATLED FAILED 5 NONE
STGMA COAL TAR| yis teN| 10 mils| 10 6M 10| 4 | NONE 10 2MD 10 NONE
SOLVENT BASED CONTROL
CARBOLINE ggg;YTAR cMi4a | 14mils| 10| NoNE | 10 | 3 | nonE 10 6MD 10 NONE
NOTES::
1. The following standards were used to rate coatings performance:
(a) Rust - ASTM D610 (10 perfect)
{b) Creep - ASTM D1654 (10 perfect)
(c) Blisters - ASTM D714
2. Material softened in water but rehardened on removal.




2.5.2.1 Salt Fog Tests

Only wat erborne inorganic zinc primed systens were tested. Al the
systens denonstrated acceptable corrosion protection. One system blistered
(Reliance Universal 130/7633) and one system had nunerous pinholes (Bywater
108/ 370) . |See Figures 2.5 |for phot ographic results.

2.5.2.2 Humi dity Chanber

The 100% humidity tests were run in a new QCT Cyclic Environnental
Tester using ASTM nethod D 2247 at 38° + 1°C (100° * 2°F) which provides
continuously condensing humdity on the test surface of the panel. Panels
were tested in duplicate and scribed in the same manner as for the salt fog
tests. The duration was 504 hours (21 days). Panels were checked for signs
of rust and blisters each day for the first week, and then about every 4
days. The ASTM tape adhesion test (D 3359) was nade when exposure was
termnated. All the panels failed the humdity test. Blisters ranged from
6Mto 8 MD. [See Figures 2.6 fand [2.7 [for photographs of test results.

2.5.2.3 Wat heroneter Test

The Atlas 65 WR Weat heroneter with 6500 watt Xenon arc and a

borosilicate glass filter was operated 102 minutes of light followed by 18
mnutes of deionized water spray for 1000 hours (ASTM Method G 26).

Rust ratings at 500 and 1000 hours are given in [fable | X|[for panels A
and B using ASTM Method D 610. [Table X|shows the blister ratings using
ASI'M Method D 714.

The results of blistering fromwater penetration would be less for
some coatings if longer drying was permtted before exposure to water.
Anot her condition that will inprove some waterborne matings is a rinsing
of the filmwth potable water after conplete drying of the film and
thoroughly drying again. The glycols, other slow evaporating water-coupling
sol vents and conponents of the surfactant usually present in small anounts
in the pint, slowy cone to the surface. The water resistance of the
residual filmis inproved when these are renoved.
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Photograph of Exterior Freeboard Salt Fog Performance.
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HUMIDITY CHAMBER
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2.6 Photograph of Exterior Freeboard Waterborne Systems
Exposed to Humidity Chamber (CZ33/288WB and 108/370).
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HUMIDITY CHAMBER

2.7 Photograph of Exterior Freeboard Waterborne Systems Exposed
to Humidity Chamber (130/7633 and 1371/8-3474/5357).
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TABLE | X

WEATHEROMETER RUST RATI NG

Initial 500 Hours 1,000 Hours
Suppl i er Product Panel Panel

A B A B A B
Napko 7-2371 10 10 10 10 9 8
Carbol i ne 190HB 10 10 10 10 10 10
Gen’ 1 Polymer AT 2500 10 10 3 4 Taken out

at 500 hours

Si gns 7445 10 10 8 8 8 8
Devoe DEVRAN 259 10 10 10 10 10 10
Porter 6660/ 6610 10 10 10 10 9 10
Napko 1371/ 8- 3474/ 5357 10 10 10 10 10 9
Carbol i ne CZ33/ 288WB 10 10 10 10 10 10
By- Wt er 108/ 370 10 10 10 10 9 9
Mobi | e Pai nt 3734/ 3744 10 10 10 10 10 10
Napko 5617/ 5357 10 10 10 10 10 10
Cel anese 24- 294/ 24- 178 10 10 9 7 8 6
Devoe DEVFLEX/ DEVFLEX | 10 10 10 10 10 10
Napko 4499/ 3801 10 10 10 10 10 10
Rel . Univ. 130/ 7633 10 10 10 10 10 9
Cel anese 24-192/ 24- 146 10 10 10 10 10 10
Car bol i ne GP10/ GP62 10 10 10 10 10 9
sentry 5822 10 10 10 10 10 10
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TABLE X

WEATHEROMETER BLISTER RATI NGS

500 Hours 1,000 Hours
Suppl i er Product Panel Panel

A B A B
Napko 7-2371 8D 8D 8D 8D
Car bol i ne 190HB 2F* None 2F* None
General Pol ymer AT 2500 Porous Film
Si gna 7445 4F 4F 8M 8D
Devoe DEVRAN 259 4F 4F
Porter 6660/ 6610 None
Napko 1371/ 8- 3474/ 5357 4F* 4F* 6 F 6F*
Car bol i ne CZ33/ 288V\B None
By- Wt er 108/ 370 avb aMD 8M 8M
Mobi | e Pai nt 3734/ 3744 6F 6F 6F 6F
Napko 5617/ 5357 4MD 4AND 4D 4MD
Cel anese 24- 294/ 24- 178** 2M 2M 2M 2M
Devoe DEVFLEX/ DEVEFLEX | None
Napko 4499/ 3801 6F* 6F* 6F* 6F*
Rel . Univ. 130/ 7633 None
Cel anese 24- 192/ 24- 146** 4D 4D 8D 8D
Carbol i ne GP10/ GP62 6 F 4F* None  None
sentry 5822 None

*Fewer than 10 blisters on 3 x 9* panels.
**Fai | ed.
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O the systens tested for exterior hull, two failed the weatherometer
test by blistering, one had severe topcoat erosion and the other had m nor
topcoat EROSION. None performed as well as a conventional system

2.5.2.4 Taber Abrasion Tests

The Tel edyne Taber Abraser Mdel 505 using CS-10 Weels and a 250 gram
| oading was used for 1000 cycles according to Federal. Test Method 14la
6192. The wear index is defined as the weight loss of the filmin
mlligrans per thousand cycles. The results are given in|Table X [or
panels A and B and their average. The high value for the portland
cement/acrylic is not surprising in view of the roughness due to pro jetting
sand particles. The reason for the high wear index of Carboline CS33/288
I's not known and repeat testing is reconmended. Qtherwise the abrasion
resistance for waterborne coatings appeared to be in the same range as for
conventional marine coatings.

2.5.2.5 Freeboard Test Summary

Overall, none of the waterborne systens denonstrated acceptable
per f or mance. Al failed either by blistering or erosion of the topcoat.

Tabl'e XIT qummarizes the results of the freeboard test program

2.5.3 Exterior Superstructure

Three test paramenters were Selected to evaluate exterior super-
structure performance of waterborne systems. An epoxy polyam de contro
system was selected as the control even though in normal practice, this
material would never be used alone without a rust inhibitive primer and
gloss retention topcoat. However, because relative perfornmance was the
primary concern, the polyam de epoxy control was a good choice. A
conventional alkyd system was also included as a second control

«Salt Fog (ASTM B117) for 500 hours
e Hum dity (ASTM D2247) for 500 hours
« \\eat heronmeter (ASTM G26) for 1000 hours
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TABLE Xl

TABER ABRADER WEAR INDE*

Federal Test Method 14la 6192

Supplier’ Product Panel A Panel B Aver age
By- Wt er 108/ 370 42 27 35
Carbol i ne 190 HF 33 34 34
Carbol i ne CZ33/ 288 934 957 946
Carbol i ne GP10/ 62 44 39 42
Devoe 259 27 28 28
General Pol yner AT 2500 1670 1595 1632
Napko 7-2371 23 21 22
Napko 1371/ 8- 3474/ 5357 37 30 33
Porter 6600/ 6610 27 27 27

Si gma 7445 6 15 11

*Wear Index is loss in ng per thousand cycles using CS-20 Weels and a

250 gram | oadi ng.
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TABLE XII
WATERBORNE COATINGS FOR FREEBOARD AREAS (HULL)

SALT F0G (ASTW BTT7) [HUMIDITY(ASTH B117) WEATHEROMETER (ASTM GZ6) | TABER
SUPPLIER EEQSSég ﬁﬁﬂgggl #ﬁ?&é&?ﬁi — ABRESTON 200 Heo 1990 ﬁ%ﬁTIAL FINALABSQ§§ON
RusT] creep|BL1sTER] AORESTONT pys] ceep| LISTER| RUST|BLISTER] '8 occ | 6ioss| 1hoex
TRORGANIC -
BYWATER ZINC 108 | 4mils |45 | 1o ﬁéNE 5 0] 0] sm| 9| sam 41 23| 35
EP ACRYLIC .| 370 | 3 mils :
TRORGANIC 53 | 3mits 3
CARBOLINE|  ZINC 10| 10| NONE 5 0] 0] eoft0] Jo| 58 | 6| s
EP ACRYLIC |288WB | 4 mils
TNORGANIC ZINC| 1371 | 2.5 mils
NAPKO EPOXY PA  18-3470| 5.0 mils | 10 | 10 | NONE 5 0wl w0l e 10| eF 28 8| 33
EP ACRYLIC | 5357 | 3.0 mils
RELIANCE | ZINC RICH 130 | 3 mils a. NOT
UNIVERSAL MoD. ACY. | 7633 | amits |10 ] 0] M 5 101 10} 64 |10 | yope | 44 9 { TESTED
NOTES

2w

The following standards were used to rate coatings performance:
(a) Rust - ASTM D610 (10 perfect)

ib) Creep - ASTM D1654 (10 perfect)

c) Blisters - ASTM D714

(d) Wear index is the average of two measurements in milligrams per 1000 cycles, Federal Test Standard
141a, Method 6192.

Numerous Pin Holes

Erosion of Top Coat

Severe Erosion of Top Coat




2.5.3.1 Salt Fog Tests

Four of the five systens tested had as good corrsion preventive
properties as the control. Three failed by blistering. See Figure 2.8 and
2.9 for photographs of salt fog performances.

2.5.3.2 Humdity Tests

The wat erborne systems and the al kyd control systemall blistered.
The Porter Epoxy Acrylic system also denonstrated inferior rust preventive
properties. No waterborne system perforned as well as the solvent based
pol yam de epoxy. See|Figure 2.10 [for photograph of humidity test results

2.5.3.3 Weat heroneter Tests

Four of the five waterborne systems blisterd in the \Watheroneter. The
only waterborne system which matched the performance of the conventiona
system was the Porter system which failed the humdity test.

2.5.3.4 doss Readings

The Weat heronmeter panels were neasured in duplicate, A and B, for
gl oss readings before exposure, at 500 hours, and Wien ternminated at 1000
hours. Measurements were made at 60° fromthe flat panel surface using a
Gardner dossgard and ASTM Method D 523. | Table X1 rleports each panel and
their average readings. No requirenents for gloss were requested of the
supplier but sane significance may be placed on the change of gloss over
1000 hours. The inmprovement of the epoxy/acrylic conpared to the
epoxy/ pol yani de is apparent.

2.5.3.5 Exterior Superstrucuture Summary

Table XV |sumarizes the performance of each systemtested. Wth the
pssible exception of the gloss retention properties of the Porter Expoxy
Acrylic 6600/6610, no waterborne system matched the perfornmance of the
single mat of the solvent based pol yam de epoxy.
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2.8 Photograph of Superstructure Salt Fog Performance
(24-192/24-146, 24-194/24-178, 5617/5357, 19CHB).
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2.9

SALT FOG RESULTS ' S .
ASTM B117 (500 HRS) :

660076510 CP~10/GP~62

Photograph of Superstructure Salt Fog Performance
(259, 6600/6610, GP10/GP62).
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2.10 Photograph of Supefstructure Waterborne Systems
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TABLE Xl I |
GLOSS READI NGS (ASIM D 523) WEATHEROVETER  PANELS

Initial 500 Hourse 1,000 Hours
Supplier  Product Panel Panel Panel
A B Avg. A B Avg. A B Avg.
By- Wt er 108/ 370 45.5 36.4 41 31.7 33.2 32 22.8 23.9 23
Carboline GP10 60.3 58.2 59 15.7 16.9 16 9.2 11.9 11
GP62
Carboline Cz33/288 64.4 51.3 58 44.9 43.6 44 13.2 19.3 16
Carboline 190 HB 50 3.0 4 2.8 2.3 3 0.9 1.5 1
Cel anese  24-192 68.4 70.4 69 11.1 10.6 11 4.4 3.0 4
24- 146
Devoe DEVRAN 92.7 90.0 91 9.0 9.8 9 33.4 5.2 4
259
Devoe DEVFLEX 28.1 29.5 29 15.9 16.0 16 13.3 14.4 14
DEVFLEX |
Mobi | e 3743/3744 1.5 1.4 1 0 0 0 0 0 0
Napko 5617/5357 71.2 66.9 69 19.8 20.0 20 11.0 10.6 11
Napko 4499/3801 25.9 25.4 26 4.0 52 5 3.7 3.9 4
Napko 1361/ 8- 28.4 28.6 28 15.4 15.6 15 8.5 8.6 8
3474/ 5357
Port er 6600/ 6610 66.7 61.7 64 55.3 53.5 ™4 46.2 43.4 45
Rel. Univ. 130/76:3 46.6 41.2 44 8.4 9.3 9 8.0 9.0 9
Sentry X5822 30.5 49.1 40 13.1 11.8 12 8.4 9.5 9
Si gma 7445 87.1 81.9 84 17.7 17.5 18 4.2 4.2 4
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TABLE XIV

WATERBORNE COATINGS FOR EXTERIOR SUPERSTRUCTURE

SALT FOG (ASTM B117)

=Y

HUMIDITY (ASTM D2247

WEATHEROMETER (ASTM G26)

SUPPLIER|  prosicy ?ﬁﬁﬁﬂﬁf %ﬂ?%é;ggg OIS TN 290 RS 1000 HF%NITIAL FINAL
RUST|CREEP [ BLISTERS| x7 son e | RUST| CREEP| BLISTERS |RUST] BLIsTERs| [NLTLAL{ FINAL :

EP ACRVLIC | 24-192] 2 mils

CELANESE | £ ncrvilc | se-1a6| 5 ™iSfi0 | 2 | &b(F) 5 [N | NR[ MR 0] 8(F)| 69 4
EP ACRYLIC | 24-194 2 mils '

CELANESE | [ ncRyLIC | 24-178| 2 mig|10 | 1 | Nowe 5 M| | M 6| auF) | 93 9

DEVOE | EP ACRYLIC - | 259 9 mils{10 | 1 oF 5 |10 10| 20(F) 10| ‘4 91 4
EPOXY PA 5617 | 2 mils 4.

napko | EROALee | mosr | SMIStio | 4 aM 5 INR| MR W (I e | n
EP ACRYLIC | 6600 | 2.5 mils

PORTER | £F ACRVLTG | 610 |soms| 9| 3 | now 10 61 10| e {10 NONE 63 | 45

SOLVENT BASED CONTROLS

CARBOLINE | EPOXY PA 1908 | 9 mils|10 | 4 [ none 5 {10 10| none |10 wone 4 1

AARPRAL TLIM ALKYD o GP-]D 2 mjlq - = ae - = = == sAa D Lo -

CARBOLINE[  a'vyD GP-62 2mits| 10| 8 2F 5 10 9 6F 10 | NONE 59 N

NOTES:
1.

(a) Rust - ASTM D610 (10 perfect)

éb) Creep - ASTM D1654 (10 perfect)

c) Blisters - ASTM D714
N.R. - Not Rated

(F)-Failed

Severe erosion of top coat.

"The following standards were used td rate coatings performance:




2.5.4 Interior Areas (Excluding Tanks and Severe Service Areas)

Two test conditions were selected to screen interior systens.

e Humdity (ASTM D2247) for 500 hours
o \Matheroneter (ASTM &6) for 1000 hours

An al kyd and pol yam de epoxy were selected as the solvent based
controls.

2.5.4.1 Humdity Tests

Al'l waterborne systens sleeted for test had good rust preventive
properties. Four of the waterborne systems blistered and one had pin
holes. Two materials (Mbile Paint 3743/3744 and Napko 4499/3801) | ooked
as good as the alkyd control. See|Figures 2.10 (190HB), [2.11,||2.12, |and

2.13 for photographs of test results.

2.5.4.2 \Wat heroneter Tests

Al but two of the waterborne systens blistered in the \Weatheroneter.

The relative gloss retention properties were the same for all systens
tested.

2.5.4.3 Interior Summary

Tabl e XV Summarizes the results O these tests.

Two of the Waterborne systens, Mbile Paint 3743/3744 and Napko
4499/ 3801, appeared acceptable for limted use such as the interior of the
house, dry storage areas and other miscellaneous interior dry areas.
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Photograph of Interior Waterborne Systems Exposed
to Humidity Chamber (Devflex/Devflex I, 4499/3801).

2.42




HIMIDITY CHAMBER

-

v » .
. » .~ P
& N, o Y J
LR

> - .. - .
‘ [ . . X :
1&313:4’ ﬁﬁ};, L .

PR _ N 4 . Yo

2.12 Photograph of Interior Waterborne Systems Exposed to
Humidity Chamber (X5822, 7445).
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HUMIDITY CHAMBER

GP-10/GP-62

2.13 Photograph of Interior Waterborne Systems Exposed
to Humidity Chamber (3743/3744, GP10/GP62).
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TABLE XV

WATERBORNE COATINGS FOR INTERIOR AREAS
(EXCLUDING TANKSAND SEVERE SERVICE AREAS)

HUMIDITY (ASTH D2247) WERTHEROWETER (ASTH GZ6) | prioTo
SUPPLIER ?Eﬁﬁﬁ’? ﬁﬁgﬁﬁgg #ﬁ?&ékggg o0 _HRS ADHESTON 1000 ﬁ&ﬁTIALﬂfﬂEAE FIGURE
c
RusT| creep| BLISTERS| AP IO FRusT[BLIsTERS| 1 1 AeHEINAL I NUMBER
LATEX | DEVFLEX| 6 mils 2,
DEVOE MOD ACRYLIC [DEVFLEX) 2 mils |10 | 10 | am 5 10 | NONE 29 |14 pz.n
MOD ACRYLIC | 3743 | 5 mils 3. 3.
MOBILE PAINT| yop acryLIC | 3748 | 3mils [0 | 10| &F 5 101 6 T 10 j21
ACRY. LATEX |PN 4499 2 mils 3. 3,4
NAPKO ACRY. LATEX |eN 38011 3 mits |19 | 10 | none NR 0] “6F 26 | 4 |21
EP ACRYLIC | 24-192| 2 mils
CELANESE EPACRYLIC | Za192) amilS IWR | MR | MR NR 0] s(F) | 690 | 4
EPOXY P.A. 5617 | 2 mils 3,4
NAPKO EpONLRVIN: oSkr ] Gmls Iwr | w | w NR 0| 69 |11
SENTRY EPOXY ESTER | X5822| 2mils (10 | 10 { &F NR 10 | NONE 2 | 9 |22
SIGMA EPOXY 7885 | 3mits | 9 | 9 |sn(F) NR 8 gb ga | 4 |22
SOLVENT BASED CONTROLS
CARBOLINE | EPOXY P.A. | 190HB| 9 mils [10 | 10 | NONE NR 10 | NONE a {1 |20
ALKYD @P-101 2 mils
CARBOL INE ALKYD opeaol smls fao | o | e MR 10 | NONE 59 {11 [2.13
NOTES:
1. The following standards were used to rate coatings performance:

(a) Rust - ASTM D610 (10 perfect)

tc

Pin

2w N
RS

Creep - ASTM D1654 (10 perfect)
Blisters ~ ASTM D714
Coating turned blueish

holes

Erosion




SECTION 3
Drying Waterborne Coatings



3. DRYING WATERBORNE COATI NGS

Al'l organic coatings pick up water froma hum d atnmosphere, from
splashing water, or immersion in water. The type of organic binder has an
important influence on the water resistance, and hence durability and
corrosion resistance, of any mating. A number of studies point to the
superior performance of such binders as polyvinylidene chloride,
hydrocarbon resins, vinyls, chlorinated rubber, acrylics, epoxy, etc.
whi ch have | ess chem cally bound oxygen then al kyds, the old standard for
nost marine matings. Each conponent of the dried paint will have an
influence on the final. water resistance. Current coatings research cunpares
these materials in an effort to formulate durable and econom ¢ paints. The
organi ¢ binders have been selectd from the |ow oxygen bearing resins for
application as waterborne matings but problenms remain in the choice and
anount of surfactants, anti freezing addititives and other chemcals.
necessary to furnish stable paint.

The results of this project are testinony that sane progress has been
made. Some of the chemcals will slowmy volatilize; others cane to the
surface Where they can be washed or rubbed off |eaving the dried nating
with inproved water resistance and durability. Cenerally, the longer the

drying period and the higher tenperature reached during the drying phase
the better

In addition to the problem of long term corrosion resistance,
wat erborne coatings may display two other corrosion phenomenon: “flash
rusting” and “early rusting."” Fl ash rusting occurs when inproperly
formul atd waterborne matings rust the steel during the initial drying.
Heavily applied pigmented matings may hide this rust so that the corrosion
is not detected until nonths later. No flash rusting was observed to occur

initially or in other testing with any of the waterborne coatings
eval uat ed.
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Early rusting, which physically appears like flash rusting, can occur
after the filmis dry to touch - hours to days after application.14 0o
substrate steel (50°F) and high atnospheric humdity after the initia

drying hol ds water and Water-coupling chemcals in the filmand pronotes

early corrosion. Once these materials get out and the film fully coal esces,
good water resistance is built up. The article by Grourke14 suggests tests
to conpare paints for this early rust resistance. Thi s phenonenon is
further discussed in a later article by Dillon”giving a basis for

selecting the type and anount of effective co-solvents

Rennoving the Water fromthe ambient air as the coating dries is
essential . Girculation and elevatd tenperature are obvious aids but
reducing the relative humdity of the air by heating wthout actual renova
of the water nay becone a disappointment if the substrate tenperature
merely allows the nmoisture to recondense fromthe air as it cools on
contact with the paint.

Leo Crotty of Cargocair Engineering Corp. offered some solutions
recently at a NPCA Marine Coating C‘onference.16 Wi ting for good weather
conditions or heating the steel surfaces are not practical answers. To
prevent condensation in tanks being blasted and coated, dehunmidification of
the air before entering the tank is recomended so that, regardless of
weather and in spite of |ow surface tenperatures (i. e., down to 10°C (50°F)
for nost waterborne coatings), no condensation can recur. Raising the air
temperature reduces the relative humdity (RH but does not change the
absolute hum dity or actual misture content. Table XVI is a famliar table
of RH or percent of saturation. Fortunately the relationships are well
defined and the thernmodynam c properties of air and noisture are well
documented. Efficient machines have been designed to dehum dify re-
circulated air to maintain the dewpoint 5°F bel ow the surface tenperature.
Wienever the ambient air dewpoint is 5°F below surface tenperature
dehum dification is not needed, the dehum difier can be shut off
automatically and its operating energy saved. The thernodynamics are shown
in Figure 3.1 which is called a psychronetric chart. Three nethods of

dehurmi dification are illustrated in [Figure 3.2.
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Cargoaire offers Mdel HC 9000 SEA designed for the nmarine mating
i ndustry to provide 9000 SCFM of dry air at 5 inches external static
pressure with a normal drying capacity of 40 to 300 Ib./hr. of noisture
fromthe air. The volume solids for waterborne coatings is on the order 35
to 75 percent. Carboline 288 WB, a representative waterborne epoxy/acrylic,
is 36% + 1% solids by volume or 64% volatiles by volune. If one assunes
all of the volatiles are water, 5.3 pounds will be rel eased per gallon
Al'lowing for an average overspray loss of 35% the quantity of water
evaporating woul d be 0.125 pounds par square foot for a 10 m| coating.
Assumng that three painters can apply paint at a rate of 500 equare feet
per hour per painter in a tank, approximtely 187.5 pounds of water (500 x
3 X .125 = 187. 5) per hour would be liberated within the area. This
quantity of water is well within the removal rate of the Mdel HCI000
Under ideal conditions, the major part of the drying would take place in 4
hours, but since the last stages of drying are so inportant, ideal drying

conditions would be preferred at |east overnight and possibly up to 14
days.

Humi dity can be controlled adequately. Equipment specified to assure
good wat erborne perfornmance will depend upon the area being coated at one
time and how efficiently the dry air can be used with mininumloss to the
at nosphere

3.3



TABLE XVI
"AIIRENIIELT TABLE OF RELATIVE IDUMIDITY OR PER CENT OF SATURATION

Dy Difference Between Readiags ¢f Wet and Dry Bulbs tn Degrees Falicenkeit Dry
Rulb Buly
Deg. i R Deg.
F. 11 2|3 4isle|71s8 olx’q.u 1213 134 (1516 |17 118 (19 |20 22| 24 [ 26 | 28 |30 {32 |34 {36 |38 40 |15 [s0 ;55 160 |70 ] F.
30 | sol 75! 67, 56, 46, 56 20} 16 6 0 © 30
5 |, sxl 72, 63} s:l 45; 35} 271 19} 16] 2| © 35
40 | sz} 83) 75, 65 60y 52| 45] 37 201 22} 157 7 o 40
45 | o2l su| 78! 71) 64] 57 51} 44) 35| 31| o5 1S; 121 6 O © 45
so | 93] 871 80] 74| 67| 61| 65| 49) 43; 35! 32¢ 27] 21| 16] 10; 5| O] o© 50
55 | 94 65| 52, 76} 70 65, 59] 51l 49] 43| 38; 33} 23] 231 18| 14: ©; 5| O] 0 55
60 | 91 695 g3: 75 731 68 630 58! 53 43; 43; 331 313 30 267 21] 17) 15} 9; S5 © 60
6s | 95! 0o 8s! <a| 73 7c! 63) o1] 59¢ 52| 48j <4l 39] 35} 31} 27| 24} 20 161 12! 5| o 65
70 | 03! ool g3' s1] 73] 721 eS| 641 59§ 53] 51f 48] 441 <0i 36} 33; 290) 25! 22) 100 12 6] ¢ o0 70
75 | co o1 suf 82; 75| 71| 70} 6o 62| 53] St 517 471 44 40| 37) 34{ 30! 27 24} 18| 12| 7| 1} o 75
80 | 93] 01| g7| s3] 70l 75; 12| 6s| 61} 61l 57! sif 501 47| 44] 41} 25} 35) 32] 29] 23| 18| 12) ?| 3] o €0
85 | waf 631 3] 54| 80} 75y 73| 71| 66! €37 £3; 56f 53) 50] 47} 44} 41f 33| 35} 32} 27| 22} 17 sf = I o © 83
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95 | G5i 031 o2 85) s2f 791 75| 721 69Y 657 63 Guf 57| &3] 52 49, 48] 431 42| 38, 34) s0f 23) 21f 17} 13] o] & 2| ¢ 65
100 | 5] 95 so! 86} 3| 50| 77| 73| 70! 63| 65| 62! 53] 56] 54} 51} 40 46l 44; 41; 37) s3! 28| 24| 21 17} 13] 10} 7 100
102 | o5l 931 0! s6i s3] £9) 771 74| T1] 62| 65] Go; s9f 57| 54f 52| 421 47} 43} 43; 38f 21| Y| 28 102
104 | os| o3! 9oy 86| 83} £31 73] 74| 71} 69] 65] 63f 60| 5S| 55| 52y 5¢f 43| 46 43, 3y| 35; 31| 27| 23 10¢
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THREE METHODS OF DEHUM DI FI CATI ON °

Dehumi di fication can be acconplished by liquid
sorption, refrigeration and reheat, and solid
sorption or conbinations of these systens.

(B OF H20 PER LB OF DRY AIR

REFRIGERATION

DRY BULE TENPERATURE

This represents a psychronetric chart illustrating
three methods by which dehumdification with sor-
bent materials or sorbent equipnent nay be accom
plished. Air at point “A" is to be dehumdified
and cooled to point “B". This can be done in a
liquid sorption system with inter-cooling directly,
or it may be done with a solid sorption unit by
pre-cooling and dehumdifying with refrigeration
from point “A” to point “C’ and then with solid
sorption from point “C" to point “B". It could

al so be acconplished with solid sorption equip-
ment by desiccating from point “A” to point “D’
and then by refrigeration frompoint “D’ to point
B.

FIGURE 3.2: THREE METHODS OF DEHUM DI FI CATI ON
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